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Abstract— One of the critical steps in Medical Microwave 
Imaging (MMWI) algorithms is the calculation of the distances 
between the antenna and the synthetical focal point, due to the 
different propagation velocities in the tissues and background 
medium. In fact, it has a major influence on the image accuracy. 
As a result, it is very important to have a priori information 
about the shape of the body part under examination. Here we 
propose a low cost optical system based on a single commercial 
webcam. We validate the new system by showing an application 
to breast imaging, where we reconstruct the scatterers inside the 
breast using the real and estimated shapes. The results show very 
good resemblance, thus proving the new system supplies a 
reliable estimation of the breast shape. 
Keywords— balanced antipodal Vivaldi antenna (BAVA), 
breast surface estimation, medical microwave imaging. 
I. INTRODUCTION 
Microwaves (MWs) are being proposed as an alternative 
imaging technology for biomedical applications. Examples 
include breast cancer screening [1] and brain hemorrhage 
detection [2]. Contrarily to X-rays, used in mammography and 
computerized tomography, MWs are non-ionizing and present 
sufficient dielectric contrast between healthy tissues and 
malignancies to enable their detection. 
In MW imaging (MWI) the image is reconstructed by 
either estimating propagation delays in time-domain [1] or 
“backpropagating” the wave in the frequency-domain [3]. 
Regardless, both approaches rely on accurate distance 
calculation between the antenna and the synthetical focal point. 
Yet, in Medical MWI (MMWI) the body is often non-
uniform, which makes it much more difficult to obtain precise 
distances estimation, since different propagation velocities 
usually have to be considered in and out the body. This may 
seriously hinder the image reconstruction [4], [5]. Therefore, it 
is extremely useful to have a priori knowledge of the body 
surface (i.e. breast or head) and also the distance between the 
antennas and the skin. Two techniques applied to breast MWI 
have been proposed. The first uses monostatic backscattered 
time signals to infer the distance of the skin relative to the 
antenna [4]. The breast profile is then estimated by 
interpolating multiple measurement positions. However, to 
achieve reasonable profile estimation, this technique requires 
several antennas that may not be available. Alternatively, in [5] 
the authors present a system based on a laser. Although the 
precision is very good, the laser set up is quite expensive. 
Here, we show how a low cost and fast execution surface 
and distance estimation system can be used in MMWI 
applications. The proposed system is based on a single 
commercial webcam. Moreover, we validate it by showing an 
application to breast imaging. We emphasize that although we 
demonstrate the performance of the technique in the context of 
breast imaging, it can be applied to other applications (e.g. 
head imaging). 
II. EXPERIMENTAL SETUP AND WEBCAM SYSTEM 
We fabricated an elevated styrofoam structure with a 
circular aperture, in order to replicate the examination posture, 
where the patient is lying in prone position. The breast pends 
vertically through the aperture in the examination bed. 
We used the breast phantom with ID 062204 from the 
University Wisconsin-Madison repository, derived from a 
Magnetic Resonance Imaging (MRI) exam taken with the 
patient lying on the prone position, with the breast preserving 
its anatomical shape [6]. We fabricated the phantom in our 
3D-printer (Ultimaker 2+ Extended [7]) using silver PLA with 
1.2 mm wall thickness. In addition, we have printed an 
ellipsoidal-shaped tumor. Both the breast casing and tumor 
container were filled with the liquid corresponding to fatty and 
tumor tissues, respectively, whose recipe is described in [8]. 
Note that the PLA interface should not have any major impact 
on the measurement, given its small thickness and relatively 
low permittivity [9]. 
We used the Balanced Antipodal Vivaldi Antenna (BAVA) 
shown in Fig. 1. This antenna topology was chosen due to its 
ultrawide bandwidth and low profile. The antenna operates 
between 2 GHz and 6 GHz. The measured Voltage Standing 
Wave Ratio (VSWR) in free-space is illustrated in Fig. 1. 
In our setup, the antennas are distributed in a cylindrical 
array around the breast with no coupling medium. Given the 
non-uniform shape of the breast, the distance between 
antennas and the breast varies between around 9 mm and 30 This work was supported by Universidade de Lisboa, Instituto de 
Telecomunicações and also by Fundação para a Ciência e Tecnologia (FCT) 
under projects UID/EEA/50008/2013 and UID/BIO/00645/2013 and grant 
SFRH/BD/115671/2016. This work was developed in the framework of Cost 
Action TD1301, Mimed. 
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